Abstract
bonds were predicted using DiANNA and CYSPRED tools. DiANNA predicts the disulfide The secondary structures of endoglucanase protein of Serratia and Mini Mu Phagemid were 1 8 5 predicted using PSIPRED (McGuffin et al. 2000) . The prediction of three-dimensional structures 1 8 6 of endoglucanase proteins was performed using I-TASSER. The parameters were set as default 1 8 7 with no restraints on selection of templates (Roy et al. 2010) . The stereochemical qualities of the with DaliLite server available at EBI (Holm and Park 2000) , which is a pairwise structure and molecular surface area. It was detected by VADAR (Version 1.1) which computes volume, 1 9 2 area, and dihedral angles in the protein structures from their PDB coordinate data (Willard et al. Wildtype and cloned endoglucanase of S. liquefaciens 1 9 7
The cellulolytic bacterium S. liquefaciens used here was isolated from the digestive tract endoglucanase gene from S. liquefaciens using muduction, the E. coli DH5α was checked on 2 0 0 CMC plate for any endoglucanase activity and were found to be none. S. liquefaciens has the 2 0 1
clearing zone of about 6 mm in CMC medium. After muduction, we have obtained 44 E. coli 2 0 2 7 isolates with cellulolytic activity. Among the 44 isolates, four clones (Clone #1 = 6 mm, Clone #2 2 0 3 = 7 mm, Clone #3 = 7 mm and Clone #4 = 10 mm) have increased enzyme activity than the 2 0 4 wildtype and the remaining clones have reduced enzyme activity compared to the wildtype i.e., 2 0 5 less than 6 mm. Among the four clones, the clone (Clone #4) with highest endoglucanase activity 2 0 6 has been used for further experiments. endoglucanase has a molecular mass of about 32kDa (Fig. 1A) . In both cases, the optimum 2 1 0 temperature is 40ºC (Fig. 1B) and the enzyme activity of wild type was found to be 65.9 U/mg 2 1 1 and the cloned gene was 81.2 U/mg, which is approximately 24% higher than the wild type. Both 2 1 2 cloned and wildtype endoglucanase has an optimum pH about 7 with an enzyme activity of 64.9U/mg in wildtype and 80.2U/mg in cloned endoglucanase (Fig.1C) . In order to understand the increased activity of the cloned endoglucanase, we have (GenBank: KF032300.1) and cloned endoglucanase (Mini mu Phagemid -GenBank:
KF032301.1) are available in Genbank. The sequence analysis by conserved domain database (CDD) (Marchler-Bauer et al. 2015) 2 2 3
shows that the conserved domain of S. liquefaciens endoglucanase belongs to glycosyl hydrolyses 2 2 4 family 8 (GH8, Fig. 2A ). The nucleotide sequence analysis of endoglucanase of wildtype and the were found at residues 51 (Lys -Asn), 203 (Trp-Cys), 246 (Thr-Iso), 260 (Gly-Ala) and 288 2 2 7 (Phe-Leu) (Fig. 2B) . We found increased number of amino acids like Alanine, Asparagine, Phenylalanine, Threonine and Tryptophan in cloned endoglucanase ( In order to understand whether Cys203 is involved in disulphide bridge formation, 2 3 5 prediction was made with DiANNA and CYSPRED, which are disulphide bond prediction tools. In case of wildtype endoglucanase, there is a disulphide bond between Cys120 and Cys142 2 3 7 whereas in cloned endoglucanase, Cys203 the mutated residue is bonded with Cys120 (Table 3) .
The connectivity of cysteine residues were altered between wildtype endoglucanase (Cys120 -
Cys142, Cys141 -Cys235, Cys221 -Cys225) and cloned endoglucanase (Cys120 -Cys203,
Cys142 -Cys221, Cys225 -Cys235). and tertiary structures, the theoretical models of wild and mutant type endoglucanase were 2 4 5 generated. The secondary structures for both wildtype and mutated proteins were predicted using 2 4 6 PSIPRED ( Fig. 3) and the three-dimensional (3D) structure were predicted using I-TASSER ( As of now, none of the crystal structure of cellulase of Serratia is available in PDB. Hence, a threading based model was predicted by I-TASSER. It generated the model using the There were differences observed in the molecular surface areas of the wildtype and cloned The nucleotide sequence analysis of endoglucanase of wildtype and the cloned gene revealed Leu) (Fig. 2B ). Among these mutations, except Gly260Ala mutation all other mutations are non-
conservative. In this study, we found increase in hydrophobic (Alanine, Isoleucine, Leucine) and polar (Asparagine, Cysteine) amino acids in cloned endoglucanase; but the additions were not in the
catalytic domain. At the same time, reduced number of hydrophobic (Glycine, Phenylalanine),
charged (Lysine) and polar (Threonine and Tryptophan) amino acids was observed in cloned 2 9 8 endoglucanase (Table 2 ). It was said that protein stability is maintained by amino acid 2 9 9
composition, hydrophobicities, compactness, polar and non-polar contributions to surface areas, in their molecular weight, theoretical pI, and hydropathicity (Table 2) . Though there were only 3 0 5 subtle changes, introduced by the changes in amino acid of the cloned endoglucanase; the 3 0 6 stability and high enzyme activity at optimum temperature and pH is through structural 3 0 7 modifications (described below). DiANNA and CYSPRED prediction shows that Cys203 is bonded with Cys120. Thus, the 3 1 0 connectivity of cysteine residues were altered between wildtype endoglucanase (Cys120 -
Cys142 -Cys221, Cys225 -Cys235). Moreover, mutation at 203 rd position introduces one more
cysteine residue in the cloned endoglucanase in addition to existing 12 cysteine residues ( Table   3  1  4 3). Based on the prediction, the cysteine substitution at 203 rd position in the cloned glucanase is conformational stability. This is corroborated by the temperature results where the cloned
cellulase shows higher enzyme activity than wildtype at optimal temperature. al . 1995; Henrissat et al. 1996) . When the amino acid at His-131 was mutated it results in the 3 2 5
complete abolishment of enzyme activity, whereas mutation at Glu-169 resulted in significant
loss of enzyme activity (Park et al. 1993) . Henceforth, the theoretical models of wild and mutant 3 2 7
type endoglucanase were generated to interrogate the structural consequences of amino acid and mutated proteins were predicted using PSIPRED and found that the secondary structures of the sequence (Fig. 3A,B) . The 3D structure predicted by I-TASSER shows that wildtype and cloned endoglucanase has 13 helices and two beta-sheets that are modified as loops in cloned cellulase protein though the amino acid sequences are exactly identical (Fig. 4A, B) , while the structures of cloned and wildtype endoglucanases were superimposed and the root mean square deviation is 1.8Å ( 'inverting mechanism' for hydrolyzing β-1,4 glycosidic bonds, where the enzyme mechanism are 3 4 5 not completely known. If we have to take into account, our endoglucanase belongs to GH8 with the (α/α) 6 fold and hydrolyze cellulose via 'inverting mechnaism'. The stability of the enzymes depends on the maximum favourable interactions, forming a 3 4 9
tightly packed hydrophobic core, exposing hydrophilic groups and optimizing intramolecular lies on the ASA of side chains than the ASA of backbone (Table 4) . Few substitutions in the viewed and found that the active site of wildtype endoglucanase is a narrow groove which lies 3 5 8 parallel to the central axis whereas cloned endoglucanase structure is broad and tilted to ~70° 3 5 9 from the central axis (Fig. 5) . Exo and endoglucanases differ only in their binding site for endoglucanase, which is 3 6 2 formed of loops. In case of exonucleases, a tunnel like structure encloses the catalytic residues 3 6 3 whereas in endoglucanases, the binding cleft, formed of shorter loops, has direct access to widening of the cleft in the cloned endoglucanase favours increased enzyme activity. The cloned enzyme have shown 24% increased activity compared to wildtype
endoglucanase, bioinformatics analysis of wild and mutant endoglucanase did not show dramatic substitutions have introduced one cysteine residue, which was found to be involved in altered found to be altered especially differ in their interatomic distances, which might have significant
role in interactions with substrates. In conclusion, the computational analysis of wildtype and cloned endoglucanase proteins showed that the latter changed in its amino acid composition, iso electric point and number of 3 9 4 cysteine residues. The structures also revealed the subtle variations in the composition of secondary structures, accessible surface area, and interatomic distances in the active sites, which
are crucial structural features responsible for increased enzyme activity of endoglucanase. We
conclude the reason for increased enzyme activity in the cloned endoglucanase might be due to increased enzyme activity. However, only the predicted models have been used in this work, the experiments, analyzed the data, draft the manuscript and critically revised the manuscript. All author approve the final manuscript for publication. No particular funding was provided to this study. Phanerochaete chrysosporium Cel7D in complex with product and inhibitors The FEBS 
